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ANTT-TNFLAMMATORY PEPTIDES DERIVED FROM IL-2 AND ANALOGUES 
THEREOF 

5 Field of the Invention 

The present invention relates to anti-inflammatory peptides derived from pro-inflammatory 
IL-2, derivatives thereof, and to pharmaceutical compositions comprising said 
anti-inflammatory peptides. 

10 Background of the Invention 

The migration of T cells through tissues is regulated by adhesion receptors, such as integrins, 
and by receptors that receive signals provided by pro -inflammatory mediators, such as 
cytokines, chemokines, and extracellular matrix (ECM)-degrading enzymes (Gilat et al., 
1996; Butcher and Picker, 1996). 

15 

IL-2 is a 15.5 kDa glycoprotein that participates in the development of inflammation and in 
the regulation of apoptosis (Taniguchi and Minami, 1993). In addition to its pro-activatory 
and proliferative roles, IL-2 also induces neutrophil adhesion to umbilical vein endothelial 
cells in a CD18-mediated manner (Li et al., 1996) as well as chemotactic responses in T cells, 

20 both directly and via regulating their expression of CC chemokine receptors (Loetscher et al., 
1996). The IL-2 receptor consists of three distinct membrane chains: the a-, (3- and y-chains. 
Anti-IL-2 antibodies that recognize amino acid epitopes in the N-terminal region of IL-2 can 
inhibit IL-2-induced lymphocyte proliferation. The C-terminal portion of IL-2 and its tliree 
Cys residues seem to contribute to the folding and active conformation of IL-2 (Kuo and 

25 Robb, 1986). 

The majority of neutrophil elastase (also termed human leukocyte elastase; HLE), which 
exists as either a membrane-bound or soluble moiety, is produced and released by 
neutrophils, although small amounts are also produced by macrophages, monocytes, and T 
^0__cells_(Packard_et^ 

such as elastin, collagen, and fibronectin (FN), as well as molecules expressed on the surface 
of T cells, e.g., CD4, CDS, and CD2 (Coring et al., 1995). 

1 
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25 



Summa ry of the Tnvetiti n 

It has now been sun,risingly observed, according ,o d,e presen, invention, that enzymatic 
degradation of IL-2 by proteolytic enzymes .hat participate in the breakdown of the 
extmcellular matrix (ECM) results in small peptidic fragments .ha, possess an.i-inflamma.o,y 



activity. 



A firs, aspect of the present invention .herefore relates to ant,-inflamma.ory peptides derived 
from IL-2, and to anti-inflammatory derivatives of said peptides. 

The anti-inflammatoo. peptides of the present invention are defined as such by virtue of fteir 
ab,l,.y ,0 inhibi. a. least one of fte following processes in vi.ro: (a) adhesion of activated T 
cells to ECM proteins; (b) chemotactic migration of T cells through ECM proteins- (c) 
cytokme- or mi.ogen-induced T cell prolifera.io„; (d) cytokine secretion by cytokine- or 
mnogen-stimulated T cells; (e, spontaneous or cytokine-induced secreiion of a cyiokine such 
as IL-I(3 or, preferably, IL-8, fi-om imestinal epiaielial cells. 

A second aspec. of .he presen. invention relates ,o a me.h„d for identifiying 
anti-mflammatory peptides derived from lL-2, which comprises: 

(0 carrying out enzymatic diges.ion of IL-2 wiU> a pro,e„ly.ic enzyme .ha. participa.es 
in .he breakdown of tiie extracellular matrix (ECM); 

(ii) testing .he fracions ob.ained in (i) for .heir in vi.ro abilic- to inhibit a, least one of 
the following processes: (a) adhesion of activated T cells .o ECM pro.eins; (b) chemoiactic 
migration of T ceils trough ECM prceins; (c) cyiokine- or miiogen-induced T cell 
prohferation; (d) cylokine secretion by cy.okine- or mi.ogen-stimula.ed T cells- (e) 
spomaneous or cy.okine-induced secretion of a cy.„kine such as IL-ip or, preferably, IL-8, 
from mtestinal epitlielial cells; 

(iii) selecing .he fractions of (ii) active in at least one of .he bioassays (a) .o (e) 
fraconating each fraction to isolate individual pep.ides ti,ereof, and submitiing each isolaied 
Pg ptide to seq uencing.and-synthesis^and 

(iv) carrying out one or more of the bioassays (a) to (e) with a peptide isolated in step 
(no, and selecting those peptides that exhibit anti -inflammatory activity in at least one of said 
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bioassays. 



The second aspect of the invention forther relates to the peptides obtainable from the method 
of identification described above and peptide derivatives thereof. 

The proteolytic enzyme ^s one capable of processing the glycoprotein constituents of tissues 
and blood vessel walls and may be elastase, a collagenase or a metalloprotease such as 
metalloelastase, matrix metalloprotease-2 (MMP-2) and matrix metalloprotease-9 (MMP-9). 
In a preferred embodiment, the proteolytic enzyme is elastase. 

The anti-inflammatoiy synthetic peptides of the present invention have been characterized by 
their possession of inhibitoiy activity in at least one of processes (a) to (e) given above, the 
anti-inflammatory peptide being preferably active m at least one of assays (a), (b) or (e). 

A third aspect of the invention relates to pharmaceutical compositions comprising at least one 
anti-inflammatory synthetic peptide of the invention and a pharmaceutical ly acceptable 
carrier. This aspect includes also the use of said peptides for the preparation of 
pharmaceutical compositions for the treatment and/or alleviation of acute and chronic 
inflammatory disorders. 

A fourth aspect of the invention relates to a method for the treatment and/or alleviation of 
acute and chronic inflammatoiy disorders comprising administering to a subject in need 
thereof an effective amount of an anti-inflammatory synthetic peptide of the invention. 

Brief De scrintion nf the Drawing s 

Figs. lA-lB show induction of T cell adl,esion lo fibronecin (FN), laminin (LN), collagen 
type IV (CO-IV) (Fig. lA) and ECM (Fig. IB) by lL-2. ["Cr]-Labeled human T cells were 
seeded onto FN-, LN-, CO-IV-, and ECM-coated n,icro,i,er wells together with IL-2. After 30 
nun at 37»C, non-adherent T cells were removed, the adherent cells were lysed and the 
percen,ageofTcells_thatJ>ad_adhered-was-de,e 



four. 
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Fig. 2 depics a chromatog™ of IL-2 ftacions obtained upon elas.ase proieolys.s IL-2 
(.mg/,n,) was incubated (12 hr. 37»C) wid, neutrophil elastase (SO^g/m, in PBS) Tl,e 
resuittng enzymatic digests were purified by HPLC. Fraction . consisted of salts used for the 
separation procedure. One experiment representative of three 

5 

F,g. 3 shows effects of IL-2 fractions, generated by elastase degradation, on the ,L-2-induced 
adhesion of T cells to FN. IL-2 (10 U/n,l).stin,ulated ^CrJ-labeled T cells were seeded in 
the presence or absence of elastase-generated IL.2 protein products, onto wells coated with 
FN. After 30 ™i„ at src. non-adherent T cells were removed, and the percentage of adhered 
1 0 cells was determined. One experiment representative of six. 

Figs. 4A-4C show specific inhibition, by elastase-generated fractions 2 and 8 of ,L-2 and by 
.he,r synthettc peptides, of ,L-2-induced T cell adhesion to ™. Fig. 4A: T cell adhesion to 
FN ,„ the presence of IL-2 fractions and the ,L-2 pepUdes Ile-Val-Leu (,VL). 
Glu-Phe-Leu-As„-Arg-Tn,-Ile-Thr (EFLNRWIT), and Arg-Met-Leu-Thr (RMLT). herein 
destgnated pepi, pep2 and pep3, respectively. Fig. 4B. The effects on T eel, adhesion to FN 
o the mversely synthesized ,L-2 peptides Leu-Val-lle (LVI), Thr-Leu-Met-Arg (TLMR) and 
Thr-„e-Tn,-Arg-Asn-Leu-Phe-Glu (TIWRNLFE). T cells were activated with lL-2 (10 U/ml) 
and seeded onto FN-coated we.ls in the presence of ,L-2. fraction 2. flection 8, or invcrsed 
IL-2 peptides. Fig. 4C. Effects of pre-treatments of T cells w,th the lL-2 peptides pepl. pep2 
and pep3. on the subsequent IL-2.i„duced T cell adhesion to FN. T cells used were untreated 
or pre-.eated with .he indicated peptides (I pg/ml. 60 m,n, 37«C, 10% CO., humidified 
atmosphere), washed twice, exposed to IL-2, and seeded onto the FN-coated wells. After 30 
mtn a, 37 C. T cell adhesion was measured. One experiment representative of five. 

F,g. 5 Shows inhibition by the IL-2 peptides pep,, pep, and pep3. of T cell adhesion to LN. 

37°C loTrn ""^ ""^ ^« 
7 C, IO/„ CO.. humidified atmosphere) and then with IL-2 (10 U/ml). The T cells were then 

seeded onto microtiter wells that were pre-coated (, ,g/well) with the various ECM 

30 glycoproteins. T cell ad hesion-was-measured-30-min-|ater. 



Fig. 6 shows inhibition of IL-2-induced T cell migration through FN by pep, and pep3. T 
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cells were pre-,.ea,ed with U,e IL-2 peptides (, pg/™,) or buffer alone and then plaeed in the 
upper wells of a ehe„,o.axis chamber, in which IL-2 (10 U/ml) or MIP-ip (10 ng/nrl) had 
been added to the lower con,part™em. T cell migration towards the chemotactic sources was 
assessed after 2 hr. One experiment representative of four 

5 

Figs. 7A-7B show inhibition by pep2 (Fig. 7A) and pep, (Fig. 7B) of T cell adhesion to FN 
induced by various activators. Labeled T cells were seeded onto FN-coated wells in the' 
presence of ,L-2 (10 U/ml, IL-7 (50 ng/nti, MIP-ip (20 ng/n,,), PMA (50 „g/™,), 8A2 „Ab 
(- Mg/ml), or anti-human CD3 mAb (1 ,g/ml). Tlte IL-2-derived peptides, peplor pep2. were 
also present in some wells. After 30 min a, 37°C, non-adherent T cells were removed by 
washing, the remaining adherent cells were lysed. and U,e percentage of T cells that had 
adhered was determined. One experiment representative of four. 

Figs. 8A-8E show inliibition by pep2 of the <;niY.aHm„ - . 

J fcpi ot tne spreading and redistribution of the actin 

cytoskeleton in IL-2- imd PMA-activated FN-adherent T cells. T cells were activated (48 hr) 

with ■L-2 (50 U/ml). The T cells were then washed and seeded onto FN-coated coverslips in 

medium alone (8E). or in the presence of a-2 (100 U/ml; 8A and 8C). PMA (50 ng/ml- 8B 

and 8D, or pep2 (10 pg/ml; 8C and 8D). After incubation, the intracellular actin filament's of 

ttie fixed FN-attached T cells were stained. Original magnification, xIOOO. 

Detailed Descrintin.. n f the Invfntinn 

IL-2 and elastase are prominent mediators of leukocyte extravasation and migration from the 
vasculature through the ECM to sites of inflammation. The present invention is based on the 
assumption that, in contrast to the pro-adhesive effects of the intact ,L-2 molecule certain 
short IL-2-derived peptides, which may occur in vivo, can inhibit the interactions of T cells 
with ECM. and that this interference is independent of the effects of the peptides on the 

arrival of T cells at inflamed sites. 



An important fea.ure .of_elas.ase-is-its-ability-to-act-in-both-s^lnblrwd-i mmobilized forms 
since a migrating immune cell that expresses immobilized elastase may encounte^ 
matnx-bound IL-2, among other cytokines. TTiis made neutrophil elastase a likely candidate 
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for U.e physiologic production of these ,„hibi.o,y peptides. Indeed, it was found, according to 
*e present invention, that the processing of recombinant IL-2 by elastase resulted in the 
production of at least eight different by-products. 

Three of the products generated by processing of recombinant ,L-2 by neutrophil elastase 
(present ,n HPLC fractions 2, 7 and 8), inhibited IL-2-„ediated T cell adhesion to FN, Antino 
acd composition analysis and amino acid seqnencmg revealed that fraction 2 contained flte 
^peptide ,le-Va,-Leu (IL-2,,,,,,, (herein designated pep,) and the tetrapeptide 
Arg-Met-Leu-Thr (11,-2..,.) (herein designated pep3), and fraction 8 the oCapeptide 
Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr (IL-2,3e.,«) (herein designated pep2). The pep3 
appeared to be located within the IL-2-binding site of the a-chain of the ,L-2R, whereas pepl 
and pep2 are located at sites far from the receptor-binding sites of IL-2. These peptides at a 
ptcomolar range of concentrations (i.e., 0.01-1 pg/m,), i^iw.ed the IL-2 as weil as 
MIP-I p-induced chemotaxis of hnman T cells through FN-coated polycarbonate membranes. 

These peptides were synthesized and the synthetic peptides were shown to exhibit the same 
acttv,^ as the ,L-2 digested fractions 2 and 8. Thus, in one p^ferred embodiment, the IL-2 
derived peptides of the invention are the peptides: 
(pepl) Ile-Val-Leu, 
20 (pep2) GIu-Phe-Leu-Asn-Arg-Trp-Ue-Thr 
(pep3) Arg-Met-Leu-Thr, 

The chemoattractive capacity of IL-2 in T cell migration s„.dies in vitro has been shown by 
us.„g bare polycarbonate filters or collagen- or Matrtgel-coated membranes as immobil.zed 
substrates. T cell migration in these systems was proved to be IL-2R P-cha-n-specific and 
depended on the activities of the matrix-degrading gelatinases (Leppet, et al .995) 
According to the present invention, the IL-2 peptides pep,, pep2, pep3. in addition to the.r 
^U-mtgratoo, efTects, also inhibited T cell adhesion to FN induced by various physiologic 
^^on^ys.o ogics.imuli.Nevertheless,noneofthem, at 1 to .00 p./ml. inter...,! 
e.herPHA-^-2-mediatedprolife.tiverespo„sesofhumanTcel.s,nord.dthesepeptides 



15 



. ' iiui uju uicse pepnaes 

inhibit the secretion of TNF-n nnH tpxt . <• 

INh a and IFN-y from these proliferating cells (not shown). 
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Moreover, the inversely synthesized molecules, Leu-Val-Ile, Thr-Leu-Met-Arg and 
Thr-lle-Trp-Arg-Asn-Leu-Phe-Glu, did not inhibit T cell adhesion to FN. Thus, the 
migration- and adhesion-suppressive capabilities of pepl, pep2 and pep3 are specific! and 
are not due to toxic cell death. 



How do .he elasmse^ierived IL.2 peptides exert their inhibitory functions? We have 
demonstrated, according to the present invention, that the three peptides pepl, pep2 and 
pep3 do no. have to be present during the entire period of the adhesion assay, since their 
ant,-adhesive effect was apparent even after their removal from the assay prior to T cell 
10 activation with IL-2. This flnding also implies that pepl, pep2 and pep3 do not function by 
mteraoting with putative cell-adhesive epitopes present on the tested ECM glycoproteins I. 
seems to be highly unlikely that two of these peptides (pepl and pep2) exert their biologic 
functions by intet^Ung with the IL-2R subunits or by directly binding to p,-specif,c 
.ntegrins. The IL-2 peptides interfered with different modes of T cell activation, leading to 
15 the,r adhesion to the tested man^x proteins. Moreover, both pepl and pep2. used in a 
picomolar range of concentrations, appear to block T cell adhesion not only to FN, mediated 
predominantly via the a,fi, and a^p, integrins, but also to LN; T cell adhesion to LN was 
mediated primarily through the a.fi, and a,p, integrins. Interesting, however, is the fact that 
pep3 (Arg-Met-Leu-Thr) resides within the IL-2Ra-binding site of IL-2; two residues, Arg" 
20 and Phe^^ which are presem within and adjacem to this peptide, respectively, were shown to 
be critical for IL-2-IL-2R interactions. Tl,erefore, it will also be interesting to examine 
wheUter the degradation of IL-2 by elastase produces compounds that can interfere with IL-2 
bmdmg to ns receptor and with the biologic outcome of such molecular interactions. 

25 The ability of pep2 as well as pepl and pep3 (data no. shown) to inhibit the PMA- and 
IL-2-,nduced T cell adhesion to FN is probably liriced ,o i« ability to block the reorganization 
of the mn-acellular actin cytoskeleton. Integrin-cytoskeleton associations can modulate cell 
adhesion ,„ ECM ligands, cell spreading in areas of cell contact wi* the substratum, and the 
micro-clusterin g and redisWhu .ion.o£P|Jntegr-ins.on-the-celI-surface-a.-sitesi;f-fo-cala-dh-esioi^ 



30 loca.ed at the ends of the actin fibers (Otey e. al., 1990). Similar observations were noted for 
T cell ac.iva.ion by IL-2 (and PMA) and attachment to FN. Although the intracellular 

7 
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mechanisms of action of the elastase-generated fractions and peptides have not yet been 
determined, we postulate that these proteins effect the adhesion and migration of T cells 
within the ECM by active inhibition of intracellular signal transduction pathways linked to 
cytoskeleton organization, resulting in an inhibition of micro-clustering and an association of 
5 integrins with cytoskeletal elements. 

Our findings according to the present invention imply that the tissue-invading T cells 
themselves can dynamically regulate their own functions. Both adhesion- and 
migration-promoting stimuli (i.e. intact IL-2) and suppressive by-products of inflammatory 
10 mediators can be present, although not necessarily simultaneously, within the inflammatory 
milieu. At the early stages of inflammation, both IL-2 and elastase may function 
concomitantly to activate T cells to penetrate tissues. Later, the degradation peptide products 
of IL-2, generated by elastase, may inhibit T cell migration, inhibit the co-stimulatory effects 
of IL-2 and other mediators, and probably signal the termination of the inflammatory reaction. 

15 

As stated before, the invention relates to anti-inflammatory peptides derived from the IL-2 
sequence and to derivatives thereof, said anti-inflammatory activity being assessed by their 
ability to inhibit at least one of the following processes in vitro: (a) adhesion of activated T 
cells to ECM proteins; (b) chemotactic migration of T cells through ECM proteins; (c) 
20 cytokine- or mitogen-induced T cell proliferation; (d) cytokine secretion by cytokine- or 
mitogen-stimulated T cells; (e) spontaneous or cytokine-induced secretion of a cytokine such 
as IL-ip or, preferably, IL-8, from intestinal epithelial cells. 

The in vitro bioassays (a) to (e) are well-known in the art. Thus, for example, assays (a), (b) 
25 and (e) may be carried out as described in the section Materials and Methods hereinafter. 
Assay (c), for inhibition of cytokine - or mitogen-induced T cell proliferation, is carried out as 
follows: A total of 25x10^ of human T cells in 0.2 ml of RPMl medium supplemented with 
5% heat-inactivated FCS (Gibco), antibiotics, 1 % Hepes buffer, 1% glutamine and 5xlO'*M 
2-mercaptoethanol (ME), are added per well. T cell activation is tested by adding either the 
30 cytokine IL-2 (mO_U/mlXor_the_mitogen-Gon-A-(-275-fag/mi)-to'th^^lfii^ 

beginning of the assay. The IL-2-derived peptides or their derivatives are added to the culture 
wells (different amounts, 10 microliters) for the entire period of the assay. [^H] -Thymidine is 
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added to the microtiter 96 U-form well plates 18h before harvesting the cultures on day 3 
onto glass fiber filters and counted by liquid scintillation counter. Mean CPM and SD from 
quadriplicate culture are then presented. Assay (d), for inhibition of cytokine secretion by 
cytokine- or mitogen-stimulated T cells, is carried out similar to the proliferation assay (c), 
5 except for one modification: the supematants of activated T cells (or any other leukocytes 
derived from human blood), treated with the different peptides, are collected and assayed for 
IL-2 and TNF-a, using conventional ELISA kits. 

In vivo bioassays may also be used to determine anti-inflammatory activity of the peptides of 
10 the invention, examples of which include: (1) inhibition of experimental delayed type 
hypersensitivity (DTH) reactivity carried out, for example, as described in PCT Publication 
No. WO 94/1 1006, Example 5.2; (2) treatment of experimental adjuvant arthritis (AA) in rats 
carried out, for example, as described in PCT Publication No. WO 94/11006, Example 5.7: 
and (3) treatment of experimental autoimmune encephalomyelitis (EAE) in guinea pigs, a 
15 model disease for muhiple sclerosis, carried out, for example, as described in US Patent No. 
5,206,223. 



The term "peptides of the invention" as used hereinafter includes the synthetic peptides pepl, 
pep2, and pep3 derived from IL-2 as well as synthetic analogues thereof, and comprise: 
20 (i) peptides pepl, pep2, and pep3 of the sequences: 

(pepl) Ile-Val-Leu 

(pep2) Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr 
(pep3) Arg-Met-Leu-Thr 
(ii) peptides obtained from pepl by deletion of one or more amino acid residues; 
25 (iii) peptides obtained by addition to peptides (i) or (ii) of one or more natural or 

non-natural amino acid residues; 

(iv) peptides obtained by replacement of one or more amino acid residues of peptides 
(i) to (iii) by the corresponding D-stereomer, by another natural amino acid residue or by a 
non-natural amino acid residue; 
30 (v)^hemicaljderivatives-of-the-peptides (i)-to (iv); ■ ^ 

(vi) cyclic derivatives of peptides (i) to (v); 

(vii) dual peptides consisting of two of the same or different peptides (i) to (vi), 
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wherein the peptides are covalently linked to one another directly or through a spacer; and 
(viii) multimers comprising a number of the same or different peptides (i) to (vi). 



The term "peptide derivative" or "peptide analogue"as used throughout the specification and 
5 claims herein is intendend to include the derivatives defined in (ii) to (viii) above, namely 
peptides obtained by deletion, addition, or replacement of a natural amino acid residue by the 
corresponding D-stereomer or by a non-natural amino acid residue, chemical derivatives of 
the peptides, cyclic peptides, dual peptides and multimers of the peptides. 

10 Typically, modifications are made that retain the anti-inflammatory effect of the parent 
peptides pepl, pep2 and pep3. Any of the above modifications may be utilized alone or in 
combination, provided that the modified sequence retains anti- inflammatory activity, 
preferably at least 30% of the anti-inflammatory activity, more preferably at least the same 
activity or higher, of the parent peptide, identified by means of the above described assays. 

15 

Deletion of 1-4 amino acid residues of pep2 may be made at the N- or the C-terminal such as 
for example peptides pepl9 and pep21, respectively, in Table 1 hereinafter. Addition of one 
or more natural or non-natural £imino acid residues may be made at the N- or the C-terminal 
of each of the parent peptides pepl, pep2 and pep3, such as for example peptides pep4, pep5 
20 and pep6 (analogues of pepl), the peptides peplS and pepl7 (analogues of pep2), and the 
peptide pep43 (analogue of pep3). 

Substitutions include replacement of the natural amino acid residues by the corresponding 
D-amino acid residue, for example to increase blood plasma half-life of a therapeutically 

25 administered peptide, or by different natural amino acid residues or by non-natural amino acid 
residues. Thus, the peptide or peptide derivative of the invention may be all-L, ail-D or a 
D,L-peptide. Examples of non-natural amino acids include, but are not limited to, Na-alkyl, 
particularly Na-methyl, amino acids*, Ca-alkyl, particularly Ca-methyl, amino acids*, halo 
derivatives of natural amino acids such as trifluorotyrosine*, p-Cl-phenylalanine*, 

30 p^^Br^phenyJalanine— and-p-I-phenylalanine*7-6=alanine^^ acid* , 

L-y-aminobutyric acid (y-Abu)*, L-a-aminoisobutyric acid (a-Aib)*, L-e-aminocaproic acid*, 
7-aminoheptanoic acid*, L-norleucine (Nle)*, L-norvaline (Nva)*, L-p-nitro-phenylalanine*, 

10 
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L-hydroxy proline (Hyp)*, L-thioproline*, ornithine (Om)**, homoarginine (homoArg)#, 
diaminobutyric acid (Dab)**, pyridylalanine*, thienylalanine*, naphthylalanine*, 
phenylglycine*, methyl derivatives of phenylalanine (Phe) such as L-4-methyl-Phe* and 
L-pentamethyl-Phe*, L-4-amino-Phe*, L-4-isopropyl-Phe*, L-4-phenyI-Phe*, 
5 L-4-benzyl-Phe*, l,2,3,4-tetrahydroisoquinoline-3-carboxylic acid (L-Tic)*, L-methyl-Tyr*, 
and L-diaminopropionic acid (Dap) The notation * has been utilised to indicate the 
hydrophobic nature of the moiety whereas # has been utilised to indicate the hydrophilic 
nature of the derivative, and #* indicates amphipathic characteristics. 

10 A "chemical derivative" of a peptide of the invention includes, but is not limited to, a 
derivative containing additional chemical moieties not normally a part of the peptide provided 
that the derivative retains the anti-inflammatory function of the peptide. Examples of such 
derivatives are: (a) N-acyl derivatives of the amino terminal or of another free amino group, 
wherein the acyl group may be either an alkanoyl group, e.g. acetyl, hexanoyl, octanoyl, or an 

15 aroyl group, e.g. benzoyl; (b) esters of the carboxy terminal or of another free carboxy or 
hydroxy groups; (c) amides of the carboxy terminal or of another free carboxy groups 
produced by reaction with ammonia or with a suitable amine, resulting in the C-terminus or 
another carboxy group being in the form -C(0)-NH-R, wherein R may be hydrogen, CI -6 
alkyl, such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, pentyl or hexyl, aryl such as 

20 phenyl, and aralkyl such as benzyl, such amidation being advantageous in providing 
additional stability and possibly enhanced activity to the peptide; (d) glycosylated derivatives; 
(e) phosphorylated derivatives; (f) derivatives conjugated to lipophilic moieties e.g. caproyl, 
lauryl, stearoyl; and (g) derivatives conjugated to an antibody or other cellular ligands. Also 
included among the chemical derivatives are those derivatives obtained by modification of 

25 the peptide bond -CO-NH-, for example by (a) reduction to -CH2-NH- ; (b) alkylation to 
-CO-N (alkyl)- ; (c) inversion to -NH-CO- . 

The term "cyclic peptides" as used herein are cyclic derivatives containing either an 
intramolecular disulfide bond, i.e. -S-S-, an intramolecular amide bond, i.e. -CONH- or 
J0_J^JHCO^_OJ:_intramolecular-S-alkyl-bonds— i:e--S^(eM2)^CONH^^oi^N^ 

wherein n is 1 or 2. The cyclic derivatives containing an intramolecular disulfide bond may be 
prepared by conventional solid phase synthesis while incorporating suitable S-protected 

11 
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cysteine or homocysteine residues a. the positions selected for cyclization such as the amino 
and carboxy terminals of the peptides, with the option of including spacing residues, such as 
(Ala)„, (Gly)„ where n is from 1 to 4, or non-natural amino acids such as 6-aminocaproic 
acid, between the terminal residue and the linking residue. The linking residues may then be 
5 hnked together using known techniques to form cyclicized peptide derivatives. For example 
the linear peptides Cys-Ile-Val-Leu-Ala-Cys, Cys-lle-Val-Leu-Ala-Ala-Cys 
Cys-Arg-Met-Leu-Thr-Ala-Cys and Cys-Glu-Phe-Leu-Asn-Arg-Ttp-Ile-Thr-Ala-Cys were 
prepared and cyclized according to methods known in the art for formation of a disulphide 
bond. Following completion of the chain assembly, cyclization can be performed eitirer by 
' selecttve removal of the S-protecti„g groups with a consequent on-support oxidation of free 
corresponding two SH-functions. to form S-S bonds, followed by conventional removal of the 
product from the support and appropriate purification procedure, or by removal of the peptide 
from the support along with complete side-chain deprotection, followed by oxidation of the 
free SH-functions in highly dilute aqueous solution. The cyclic derivatives containing an 
mtramolecular amide bond may be prepared by conventional solid phase synthesis while 
mcorporating suitable amino and carboxyl side-chain protected amino acid derivatives at the 
postttons selected for cyclization. The cyclic derivatives containing intramolecular -S-alkyl 
bonds may be prepared by conventional solid phase synthesis wh.ie incorporating an amino 
acd residue «th a suitable amino-protected side chain, and a suitable S-pro,ected cysteine or 
homocysteine residue at the positions selected for cyclization. 

A "dtutl peptide" according to the invemion consists of two the same or differem peptides or 
pepttde derivatives of the invention covalently linked to one another directly or through a 
spacer such as by a short stretch of alanine residues or by a putative site for proteolysis by 
cathepsin (see U.S. Patent No. 5,126.249 and European Patent No. 495,049 with respect to 
such s.,es). Tl,is will induce site-specific proteolysis of the preferred fonn into the two 
desired analogues. 

"Mummers" according to the invention consist of polymer molecules formed fi-om a number 
_ofthesme.or.differen..peptides-or-derivatives-thereofrTh^ly^^ 



- , out with 

a suitable polymerization agent, such as O.io/o glutaraldehyde (Audibert et al. (1981) Nature 
289 : 593) 
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Modifications to the amino acid residues in the peptides of the present invention are 
discussed below using nomenclature as given in the Table below: 



ALIPHATIC 


Non-polar, neutral 


Gly Ala Pro 


low hydrophobic 






high hydrophobic 




He Leu Val Met 


low hydrophilic 


Polar, neutral 


Cys Ser Thr 


high hydrophilic 




Asn Gin 


Hydrophilic 


Polar - negatively charged 


Asp Glu 




Polar - positively charged 


Lys Arg His 


AROMATIC 
hydrophobic 




Phe Trp Tyr 



5 

Thus, in one preferred embodiment, the present invention relates to the synthetic 
anti-inflammatory peptide Ile-Val-Leu (pepl), and to anti-inflammatory peptides resulting 
from the modification thereof by: 

(a) elongation by up to 3-4 further amino acid residues at the N- and/or C-terminal, 
10 such as in pepll and pepl3, or preferably according to the natural sequence of IL-2; 

(b) substitution of the He residue by a natural or non-natural amino acid hydrophilic 
polar neutral or negatively charged, or hydrophobic non-polar neutral amino acid 
residue, preferably selected from Glu, Asp, Asn, Gin, Ala, Val; 

(c) substitution of the Val residue by a hydrophobic, non-charged natural or 
1 5 non-natural amino acid residue, preferably selected from Ala, He, Leu, Met, Nle, Phe; 

(d) substitution of the Leu residue by a hydrophobic, non-charged natural or 
non-natural amino acid residue, preferably selected from Ala, He, Met, Nle, Phe, Val; 

(e) amidation of the C-terminal Leu residue, 

(f) cyclization of pepl or of any peptide of (a) to (e); and 
20 (g) any combination of (a) to (f). 
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Examples of such modified peptides derived from pepl include; 

(pep4) Asn-Ile-Asn-Val-Ile-Val-Leu, 

(pep5) Ile-Val-Leu-Glu-Leu-Lys-Gly, 

(pep6) Asn-Val-Ile-Val-Leu 

(pep7) Ala-Val-Leu 

(pep8) Ile-Ala-Leu 

(pep9) Ile-Val-Ala 

(peplO) Glu-Val-Leu 

(pepll, linear) and (pepl2, cyclic) Cys-Ile-Val-Leu-Ala-Cys and, 
(pepl3, linear) and (pepl4, cyclic) Cys-Ile-Val-Leu-Ala-Ala-Cys 

In a further preferred embodiment, the present invention relates to the synthetic 
anti-mflammatoiy peptide Giu-Phe-Leu-Asn-Arg-T:p-Ile-Thr (pep2), and to anti- 
inflammatory peptides resulting from the modification thereof by; 

(a) elongation by up to 4 further amino acid residues at the C and/or N terminal ends, 
such as in pep34, or preferably according to the natural sequence of IL-2; 

(b) substitution of the Glu residue by a natural or non-natural charged or polar charged 
amino acid residue, preferably selected from Lys, Arg, Asp, Gin, Asn; 

(c) substitution of the Phe residue by a natural or non-natural hydrophobic aliphatic or 
aromatic amino acid residue, preferably selected from Ala, Val, He, Leu, Tyr Trp 
Phe, Met, Nle; 

(d) substitution of the Leu residue by a natural or non-natural hydrophobic aliphatic or 
aromatic amino acid residue, preferably selected from Ala, Val, He, Leu, Tyr, Trp 
Phe, Met, Nle; 

(e) substitution of the important Asn residue by a hydrophilic, non-charged, aliphatic 
natural or non-natural amino acid residue such as Gin; 

(f) substitution of the Arg residue by a positively charged, natural or non-natural 
ammo acid residue, preferably selected from Lys, Orn, homoArg; 

(g)_subgtitution,of_the-Trp-residue-by-a-natural-o^^^^^ 

aromatic, amino acid residue, preferably selected from Tyr, He, Leu, Nle, Tic, Phe , 
4-phenyl-Phe, 4-methyl-Phe; 

14 
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(h) substitution of the He residue by a natural or non-natural hydrophobic, aliphatic or 
aromatic, amino acid residue, preferably selected from Tyr, Phe, Leu, Nle, Tic; 

(i) substitution of the Thr residue by an aliphatic hydrophobic amino acid residue such 
as Ala, He, Leu, or a hydroxy- or thio-containing amino acid residue preferably 
selected from Cys, Ser; 

(j) truncation by up to 4 amino acid residues from either the C or N terminal; 

(k) amidation of the C-terminal Thr; 

(1) cyclization of pep2 or of any peptide of (a) to (k); and 

(m) any combination of (a) to (1). 



Examples of such modified peptides derived from pep2 include: 

(peplS) Ile-Val-Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr 

(pepl6) Glu-Phe-Leu-Asn-Arg-Trp-lle-Thr-Phe-Cys 

(pepl7) Ala-Thr-Ile-Val-Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr 

15 (peplS) Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr-Phe-Cys-Gln-Ser 

(pepl9) Leu-Asn-Arg-Trp-Ile-Thr 

(pep20) Arg-Trp-lle-Thr 

(pep21) Glu-Phe-Leu-Asn 

(pep22) Ala-Phe-Leu-Asn-Arg-Trp-Ile-Thr 

20 {pep23) Lys-Phe-Leu-Asn-Arg-Trp-lle-Thr 

(pep24) Glu-Ala-Leu-Asn-Arg-Trp-lle-Thr 

(pep25) Glu-Val-Leu-Asn- Arg-Trp-lle-Thr 

(pep26) Glu-Phe-Ala-Asn-Arg-Trp-Ile-Thr 

(pep27) Glu-Phe-Leu-Ala-Arg-Trp-Ile-Thr 

25 (pep28) Glu-Phe-Leu-Asn-Ala-Trp-lle-Thr 

(pep29) Glu-Phe-Leu-Asn-Glu-Trp-Ile-Thr 

(pep30) Glu-Phe-Leu-Asn-Arg-Ala-lle-Thr 

(pep31) GIu-Phe-Leu-Asn-Arg-Trp-Ala-Thr 

(pep32) Glu-Phe-Leu-Asn-Arg-Trp-Ile-Ala 

30 (pep33) Glu-Phe-Leu-Asn=Arg-Tfp=Ile^THr^NH^'and, 

(pep34, linear) and (pep35, cyclic) Cys-Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr-Ala-Cys. 
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In a further preferred embodiment, the present invention relates to the synthetic 
anti-inflammatory peptide Arg-Met-Leu-Thr (pep3), and to anti-inflammatory peptides 
resulting from the modification thereof by: 

(a) elongation by up to 4 further amino acid residues at the C and/or N terrminal end, 
5 such as in pep45, or preferably according to the natural sequence of IL-2; 

(b) substitution of the Arg residue by a natural or non-natural positively charged 
amino acid residue, preferably selected from Lys, Om, homoArg, diaminobutyric acid; 

(c) substitution of the Met residue by a natural or non-natural hydrophobic, aliphatic 
or aromatic, amino acid residue, preferably selected from Phe, Tyr, He, Leu, Nle, Tic; 

10 (d) substitution of the Leu residue by a natural or non-natural hydrophobic, aliphatic 

or aromatic, amino acid residue, preferably selected from Phe, Tyr, Nle, Tic; 
(e) substitution of the Thr residue by an aliphatic hydrophobic amino acid residue 
such as Ala, He, Leu, or a hydroxy- or thio-containing amino acid residue such as Ser, 
Cys; 

1 5 (f) amidation of the C-terminal Thr residue; 

(g) cyclization of pep3 or of any peptide of (a) to (f); and 

(h) any combination of (a) to (g). 

Examples of such modified peptides derived from pep3 include; 
20 (pep36) Ala-Met-Leu-Thr 

(pep37) Arg-Ala-Leu-Thr 

(pep38) Arg-Met-Ala-Thr 

(pep39) Arg-Met-Leu-Ala 

(pep40) Lys-Met-Leu-Thr 
25 (pep41) Arg-Val-Leu-Thr 

(pep42) Arg-Met-Leu-Thr-NH2 

(pep43) Pro-Lys-Leu-Thr-Arg-Met-Leu-Thr 

(pep44) Arg-Met-Leu-Tlir-Phe-Lys-Phe-Tyr and, 

(pep45, linear) and (pep46, cyclic) Cys-Arg-Met-Leu-Thr-Ala-Cys. 



The peptides and peptide derivatives of the invention are obtained by any method of peptide 
synthesis known to those skilled in the art, such as for example by solid phase peptide 
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synthesis. 

The presen. invention is also directed ,o phannaceutical composiuons comprising a 
Pharmaceutically acceptable carrier and at least one anti-inflammato^ peptide or pepttde 
5 denvattve of the invention. The pharmaceutical composition will be administered according 
to known modes of peptide administration, including oral, intravenous, subcumneous 
.ntraarticular, intramuscular, inhalation, intranasal, intrathecal, tntradermal. transdermal or 
other known routes. The dosage administered will be dependent upon the age, sex health 
condumn artd weight of the recipiem, and the nature of the effect desired 

) 

The peptides of the invention for use in therapy are typ.caliy fonnulated for administration to 
patterns with a phannaceutically acceptable catrier or diluent ,o produce a phannaceufcal 
composition. TT,e formulation will depend upon the nature of the peptide ani the route of 
admtmstration but typically they can be fot^ulated for topical, parenteral, intramuscular 
mtravenous, intraperitoneal, intranasal iri,alation, lung inhalation, intrademtal or 
mtra-articular administration. The peptide may be used in an injectable fomt. ,t may therefore 
be mtxed with any vehicle which is phamtaceutically acceptable for an injectable formulation 
preferably for a direct injection at the site to be treated, although it may be administeted 
systemically. 

The phamtaceutically acceptable carrier or diluent may be, for example, sterile isotonic saline 
solutions, or other isotonic solutions such as phosphate-buffered saline. The peptides of the 
present tnvention may be admixed with any suitable binder(s), lubrica„t(s), suspending 
agent(s), coating agent(s), solubilising agem(s). 1, is also prefe^ed to fotmulate the peptide in 
an orally active form. 

Tablets or capsules of the peptides may be administered singly or two or more at a time as 
appropnate. It is also possible to administer the peptides in sustained release formulations. 

Typically, the physician will detemtinc the actual dosage which will be most smtable for an 

-rnd.v.dual-pa.ient-andHt-will-va,y-with-th^r^pnveig ht and responseof the particular patient 

There can, of course, be individual instances where higher or lower dosage ranges are 
merited, and such are within the scope of this invention. 
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Alternatively, the peptides of the invention, can be administered by inhalation or in the form 
of a suppository or pessao', or they may be applied topically in the for™ of a lotion, solution 
cream, ointmem or dusting powder. An alternative means of transdennal admmistration is by 
5 use of a skin patch. For example, they can be incorporated into a cream consisting of an 
aqueous emulsion of polyethylene glycols or liquid paraffin. They can also be incorporated 
at a concentration of between 1 and 10% by weight, into an ointment consisting of a white' 
wax or white soft paraffin base together with such stabilisers and preservatives as may be 
required. 

I 

For some applications, preferably the compositions are administered orally in the form of 
tablets containing excipients such as starch or lactose, or in capsoles or ovules either alone or 
.n admixture with excipients, or in dte form of elixirs, solutions or suspensions containing 
flavourmg or colouring agents. For such oral adm,nis,ration, the peptide may preferably 
formed ,nto microcapsules or nanoparticles together with biocompatible polymers such as 
poly-lactic acid and the like. 

The compositions (as well as the peptides alone) can also be injected parenterally for 
example intracavemosally, intravenously, intramuscularly or subcutaneously. In this case the 
compositions will comprise a suitable carrier or diluent. For parenteral administration the 
compositions are best used in the form of a sterile aqueous solution which may contain other 
substances, for example enough salts or monosaccharides to make the solution isotonic with 
blood. 

For buccal or sublingual administration the compositions may be administered in the form of 
tablets or lozenges which can be formulated in a conventional manner. 

The peptides and peptide derivatives of the invention are for use in the treatment of or 
amehoration of acute and chronic inflammatory disorders including, but not being limited to 
autotrnmune diseases such as rheumatoid _arthrrtis,-diabetes-type-Vmul.iple selerosisrsystemi^ 
lupus erythematosus, uveitis, bowel inflammation and Crohn's disease. 
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The present invention further relates to a method of treatment of a patient suffering from an 
inflammatory disorder which comprises administering to said patient an effective amount of a 
peptide or peptide derivative of the invention. 

5 The invention will now be illustrated by the following non-limiting Examples. 

EXAMPLES 

Material and methods 

10 Materials. The following reagents were obtained as indicated. Recombinant human IL-2 (sp. 
act. 18x10^ U/mg; Chiron B.V., Amsterdam, The Netherlands); recombinant human IL-7 (sp. 
act. 2x10^ U/mg; Immunex Corp., Seattle, WA); recombinant human macrophage inflamatory 
protein MIP-ip (Pepro Tech, Rocky Hill, NJ); recombinant human TNF-a (Boehringer, 
Ingelheim, Germany); Affi-gel 10 beads (Pharmacia, NJ); fibronectin (FN) (Chemicon; 

15 Temecula, CA); BSA, laminin (LN), PMA, and TRITC-conjugated phalloidin (Sigma 
Chemical Co., St. Louis, MO); collagen type IV (CO-IV; ICN, Costa Mesa, CA); and HEPES 
buffer, antibiotics, heat-inactivated PCS, sodium pyruvate, DMEM, CSS and RPMI-1640 
(Beit-Haemek, Israel). An anti-pi integrin-specific affinity-modulating mAb, 8A2, was 
donated by Dr. J. M. Harlan (Washington University, Seattle, WA). All protected amino 

20 acids, coupling reagents, and polymers were obtained from Nova Biochemicals (Laufelfingen, 
Switzerland). Synthesis-grade solvents were obtained from Labscan (Dublin, Ireland). HPLC 
solvents and columns were obtained from Merck (Darmstadt, Germany). 

Human colonic epithelial cell lines HT-29 (ATCC HTB38) and Caco-2 (ATCC HTB27) 
25 were obtained from the American Type Cultvire Collection (ATTC, Rockville, MD). Cells 
were maintained in culture medium (DMEM supplemented with 10% cosmic calf serum 
(CSS), 2 mM glutamine, 100 U/ml penicillin, and 0.1 mg/ml streptomycin), at 37°C and 
atmosphere of 5% CO2- Cell viability was assessed using the standard MTT method. 

30 T j:ell adhesi on-assays Human^cells-were purified froiTrthF^pefipfieral blood of healthy 

donors, and T cell adhesion to immobilized protein substrates was examined as follows: 
Human leukocytes were isolated on a FicoU gradient, washed, and incubated (2 h, ST'^C, 7.5% 
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CO.. humidified am,„spl,ere) on peW dishes. The „o„-adhe,^n. cells we,e then colleced and 
incubated (1 h, 37«C, 7.5% CO., humidified atmosphere) on nylon wool columns (Novamed 
Ltd., Jerusalem, Israel). Unbound cells were eluted from the columns by extensive washings 
The resulting cell population was always >92% T cells. Intact lL-2 or IL-2.derived peptides 
5 (in 50 ^l) were added to flat-bottom microliter wells that had been pre-coated with ECM or 
ECM proteins (FN or LN; 1 ^g/well) and blocked with 0.1% BSA. After 4-6 h at 37«C the 
wells were washed and -[Cr]-labeled T cells were added to the wells, lo' cells/100 m of 
adhesion medium (RPMl-1640 supplemented with 0.1«/. BSA. 1% sodium pyruvate 1% 
HEPES buffer). The microliter plates containing the cells were incubated (30 min 37»C) in a 
■ 0 humidified. 7.5% CO. atmosphere, and then washed. The adherem cells were lys'ed and the 
resultmg supematants were removed and analyzed in a y-counter. For each experimental 
group, the results were expressed as the mean percentage ±SD of bound T cells from 
quadruplicate wells. To some wells, different concentrations of soluble IL-2 were added 
concomitantly with the T cells, and with others, different concentrations of elastase-degraded 
IL-2-de„ved fractions, or the co^esponding synthetic peptides, were added together with 
stimulators [PMA (50 ng/ml). IL-7 (50 ng/ml). MIP-ip (20 ng/ml). 8A2 (. ^g/ml), mAb 
anti-CD3 (I ng/ml). or IL-2 (10 U/m!)). 

aen,o,a.:s assays. T cell chemotaxis was performed and analyzed as previously described 
20 (Ben-Baruch et al.. 1997). Briefly, .he migration of human T cells (0.5xl0' cells in adhesion 
med,um/well) wa. examined in a 48-weIl chemotaxis micro-chamber (Neuro-Probe Inc 
Cabin John, MD). The two compartments of the micro-chambers were separated by a 
FN-coated polycarbonate filter (5-^™ pore size; Osmonics Protein Products, Liventore CA) 
Where indicated. MIP-1 p or ,L-2 was added to the lower wells, and the T cells were added to 
the upper chambers together with the peptides. After incubation (120 min 37''C in a 
humidified. 7.5% CO. atmosphere), the filters were removed, fixed, and stained with a 
D.fr-Qu,k staining ki, (Dade, Dudingen. Switzeriand). The number of migrating T cells in 
five htgh-power fields (under 500x magmfication; WILD Microscope, Heerbrug. 
Swttzerland) was evaluated. For each group, the results are expressed as the mean number o7 
— cells-in-Gne-high-power-field: 

Spor„aneous or cy,oki„e-Muced secreticr, of IL-S or IL-ip fro., InlesUru.! epUheUa, cell 
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Test cells (HT-29 or Caco-2) were grown as confluent monolayers in 24-well tissue culture 
plates. After the cells reached confluence, the culture medium was changed and the cells (10^ 
cells/well) were incubated for 24 h at 37°C with the IL-2 peptides (or control and derivative 
peptides) in 24-well plates without (spontaneous) or with the addition of TNF-a (TNF-a- 
5 induced). When TNF-a was used, the peptides were added to the cells 1 hour prior to the 
addition of TNF-a. Following culture, the supematants were harvested and analyzed for IL-8 
or IL-ip secretion by ELISA using commercially available kits for IL-8 (Pharmingen) and 
IL-lp (Genzyme), according to the manufacturers' protocols. 

' Purification of elastase and elastase digestion of IL-2. Neutrophils were isolated from the 
whole blood of a healthy donor by dextran sedimentation and Ficoll-Hypaque gradient 
centrifugation, as previously described (Yavin et al., 1996). Elastase was isolated by 
aprotinin-Sepharose affinity chromatography, followed by carboxymethyl-cellulose ion 
exchange chromatography, as developed by Baugh and Travis (Yavin et al., 1996; Baugh and 
Travis, 1976). The purified elastase, which was lyophilized and stored at -20°G until used, 
was biochemically checked to be entirely free from cross-contamination with cathepsin G 
(not shown). IL-2 was dissolved in distilled water to yield a Img/ml solution. Lyophilized 
neutrophil elastase (50 ^g) was dissolved in 1 ml of PBS and immediately added to the IL-2 
solution. The elastase-IL-2 mixture was incubated (12 h) at 37°C. Aliquots were removed and 
stored at -20°C until subjected to HPLC separation. 

Reverse phase HPLC. Elastase digests of IL-2 were purified with a prepacked 
Lachrospher-lOO RP-18 column (4x25 mm, 5 ^m bead size), using a binazy gradient fonned 
with O.io/o trifluoroacetic acid (TFA) in H^O (solution A) and O.io/o TFA in 75% acetonitrile 
in H2O [(solution B) at /=Omin, B=3.5o/o, at /=5mu., B=3.5o/o, and then, the concentrations 
began to increase: at /=60min, B=100o/o (i.e. 75% acetonitrile)]. The flow-rate was constant 
on 0.8ml/min. A Spectra-Physics SP8800 liquid chromatography system (Fremont, CA) 
equipped with an Applied Biosystems 757 (Foster City, CA) variable wavelength absorbency 
d etector was used. The column effluents were monitored by UV absorbency at 220 nm. and_ 
the chromatograms were recorded on a ChromeJet integrator. Fractions that were 20% or 
more above valley levels were pooled, rotoevaporated to a minimal volume, and diluted with 
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HPLC grade water. The rotoevaporation and dilution with water step was performed twice to 
remove residual TFA and acetonitrile. 

Amino acid composition of the synthetic peptides and amino acid sequence analysis. Purified 
i peptide solutions [«40 jxg of peptide in 40 with 5 ng of norvaline (an umiatural amino 
acid) as an internal standard] were rotoevaporated, hydrolyzed (10°C, 22 h) in 6N HCl under 
vacuum, and analyzed with an amino acid analyzer (HP! 090, Palo Alto, CA). An on-line 
pre-column ortho-phthalaldehyde (OPA)/9-fluorenylmethoxycarbonyI (F-moc) derivatization, 
combined with reverse phase chromatography, was used to determine the amino acid 
composition of the peptides and the total peptide yield. Without exception, all of the peptides 
yielded excellent analysis ratios of corresponding amino acids deviations from expected 
values of less than 10%. Analysis of the elastase-generated IL-2 fractions was performed 
using a Model 470A gas phase microsequencer. Phenylthiohydantoin amino acid derivatives 
were separated on-line by reverse phase HPLC on a PTH C-I8 column (2.1 x 220 mm) using 
a Model I20A analyzer (Applied Biosystems, CA). 

Solid phase peptide synthesis. IL-2-derived peptides were prepared by conventional solid 
phase peptide synthesis, using an AMS-422 automated solid phase multiple peptide 
synthesizer (Abimed, Langenfeld, Germany). The Fmoc strategy was used for peptide chain 
assembly, according to the commercial protocol. In each reaction vessel, we used 12.5 ^mol 
of Wang resin containing the first covalently bound corresponding N-Fmoc C-terminal amino 
acid (typically, polymer loadings of 0.3-0.7 mmol/g resin were used). Fmoc deprotection was 
achieved by two consecutive treatments with 20% piperidine in dimethyl formamide, usually 
10-15 each min at 22°C, depending on the length of peptide and the Fmoc-protected amino 
acid type. The protecting groups used for the side chain of the amino acids were 
tert-butyloxycarbonyl for Trp and Lys; trityl for Asn, Cys, Gin and His; tert-butylester for Asp 
and Glu; and tert-butylether for Ser, Tyr and Thr. Usually, coupling was achieved using two 
successive reactions (typically 20-45 min each at ITC, depending on the length of peptide 
and amino acid derivative type) with 50 ^mol (4 eqv) of N-Fmoc-protected amino acid, 50 
_^moL(4_eqv-)-of-benzotria2ole-l-yl-oxy^tris^pyrolidino-ph-osph-o^^ 
(PyBop) reagent, and 100 ^mol(8 eqv) of N-methylmorpholine were all dissolved in 
dimethylformamide (DMF). The peptide was cleaved from the polymer by reacting (2 h, 
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22**C) the resin with trifluoroaceticacid/H20/triethylsilane (90/5/5; v/v/v). The solution 
containing the crude, unprotected peptides was then cooled down to 4°C, precipitated with 
ether (4°C), and centrifiiged (15 min, 3000 rpm, 4°C). The pellet was washed and centrifuged 
(x3) with ether, dissolved in 30% acetonitrile in H2O, and lyophilized. The lyophilized 
5 material was reconstituted in double distilled water before use; only the stock solution, not 
the diluted material, was stored at -20''C. 

Synthesis of cyclic peptides. The linear peptides pepl2, pepl4, pep35, pep46 were cyclicized 
as follows: 0.5-1.0 mg of SH-free peptide was dissolved in 1 ml of ammonium acetate buffer 
10 (O.IN, pH 7.0). A solution of K3 [Fe(CN)6] (l-5mM) in the same buffer was slowly added to 
the stirred peptide solution at room temperature, in a titrimetric fashion until a stable faint 
yellowish color was apparent. The solution revealed a negative 5,5'-dithio-bis(2-nitrobenzoic 
acid (DTNB; EUman's Reagent)-test for free SH. Lyophilization and purification by HPLC 
were then performed as usual. 

15 

Staining of actin cytoskeleton. T cells were incubated (18 h, 37°C, 7.5% CO2, humidified 
atmosphere) in culture medium. IL-2 or PMA was added to the cell cultures, which were then 
incubated for 24 h. The T cells were then washed and seeded onto FN-covered coverslips in 
the presence of either PMA (50 ng/ml), IL-2 (100 U/ml), or IL-2 peptides (0.1 ng/ml). After 1 
20 h at 37°C, the adherent cells were fixed (3 min) with paraformaldehyde (3%) and Triton 
X-100 (0.5%), washed, and fixed (20 min) again with paraformaldehyde (3%). The fixed 
adherent cells were washed, treated with TRITC-phalloidin, and washed again. Photographs 
(xlOOO magnification) were then taken. 

25 Example 1 

Induction of the adhesion of T cells to ECM, FN, LN, and CO-JV by IL-2. We examined the 
ability of soluble IL-2 to induce adhesion of human T cells to ECM, FN, LN, and CO-IV. The 
results indicated that IL-2 induced T cell adhesion to FN, LN, and CO-IV (Fig. lA), as well 
as to intact ECM (Fig. IB). Note that the adhesion of T cells to LN induced by IL-2 was 

_30 lower-than-that induced to the^otheFECM^rycoproteins. When T cells were activated only 

with PMA, 45±4.4% of them adhered to immobilized ECM and ECM glycoproteins (not 
shown). IL-2-induced T cell adhesion to the ECM glycoproteins was inhibited by anti-human 
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Pi integrin mAbs (not shown), which suggests that the pro-adhesive effects of IL-2 were 
induced via cell surface-expressed integrins. However, under our experimental conditions, 
IL-2 did not alter the T cell surface expression of Pi integrins (not shown). Thus IL-2, in 
addition to other pro-inflammatory mediators, appears to regulate the adhesiveness of resting 
5 human T cells to immobilized ECM and ECM glycoproteins. 

Example 2 

The effects of IL-2 fragments obtained by elastase degradation on the interaction of T cells 
with FN. We have assumed that the degradation of IL-2 can occur in the inflamed milieu in 

10 which both cytokines, such as IL-2, and proteolytic enzymes, such as neutrophil elastase, are 
present. We also hypothesized that, in contrast to the intact IL-2 molecule, certain portions of 
IL-2 can abrogate the adhesiveness of activated T cells to ECM ligands. Hence, elastase and 
soluble IL-2 were incubated together at physiologic conditions. HPLC analysis of the 
elastase-degraded IL-2 revealed at least 8 peaks of IL-2, each of which represented at least 

1 5 one low molecular weight protein fragment (Fig. 2). 

Next, we examined the ability of the HPLC-purified IL-2 fractions, which were generated by 
elastase-degradation, to inhibit soluble IL-2-induced interactions of T cells with FN. We 
chose to investigate the major peaks of HPLC-purified, elastase-degraded fractions of IL-2. 
20 Fractions 2, 7, and 8 inhibited the adhesion of T cells to immobilized FN in a dose-dependent 
and statistically significant fashion, whereas fractions 4 and the HPLC buffer did not (Fig. 3). 
Thus, certain IL-2 fragments, obtained by neutrophil elastase-processing of the cytokine, can 
inhibit IL-2-induced adhesion of T cells to FN. 

25 Example 3 

The effect of synthetic peptides, with putative amino acid compositions corresponding to 
fractions 2 and 8, on IL-2-induced T cell adhesion to FN. Next, the primary sequence of 
fractions 2 and 8 were analyzed by gas phase chromatography, because these 
elastcise-generated fractions of IL-2 appeared to contain adhesion-suppressive peptides. Our 

-30 analysis-revealed that fragment 2 contained an Ile-Val-Leu (IVL; pepl; IL-2i 12-114) and an 

Arg-Met-Leu-Thr (RMLT; pep2; IL-258-61) peptide, whereas fragment 8 contained a 
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Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr (EFLNRWIT; pep3; IL-2 136-143) octa-peptide. These three 
peptides were synthesized, and their effects on IL-2-induced T cell adhesion to FN were 
studied. The Ile-Val-Leu, Arg-Met-Leu-Thr, and Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr, 
inhibited, in a dose-dependent manner, the adhesion of IL-2-activated T cells to FN; the 
5 Arg-Met-Leu-Thr is apparently the most potent inhibitor (Fig. 4A). Maximum inhibition was 
achieved with about 0.1 pg/ml (0.2 pM) for Arg-Met-Leu-Thr, and 1 pg/ml of either 
Ile-Val-Leu or Glu-Phe-Leu-Asn-Arg-Trp-IIe-Thr (2.91 and 0.92 pM, respectively). The 
inhibitory dose-response curves of Ile-Val-Leu and Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr are 
similar to those of the HPLC fractions 2 and 8, respectively, from which they were derived. 

10 

To examine the specificity, on the biologic and chemical levels, of the inhibition of T cell 
adhesion by the elastase-generated, synthetic IL-2 peptides, we synthesized the three IL-2 
peptides in their inverse amino acid sequences, Leu-Val-Ile, Thr-Leu-Met-Arg, and 
Thr-Ile-Trp-aig-Asn-Leu-Phe-Glu, and then tested their effects on IL-2-induced T cell 
15 adhesion to FN. The results, shown in Fig. 4B, indicate that none of these peptides, tested in a 
broad range of dosages, interfere with T cell adhesion. Thus, the anti-adhesive effects of 
Ile-Val-Leu and GIu-Phe-Leu-Asn-Arg-Trp-Ile-Thr peptides of IL-2 appear to be due to their 
direct biologic effect on responding lymphocytes. 

20 Do the IL-2 peptides, Ile-Val-Leu, Arg-Met-Leu-Thr, and Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr 
have to be present during the entire period of the assay to exert their inhibitory effects? The 
results, shown in Fig. 4C, indicate that most of the anti-adhesive effects of the three peptides 
persevered even if these peptides (at 1 pg/ml) were removed from the T cells prior to their 
activation with IL-2 and seeding onto the FN-coated surfaces. Apparently, their prolonged 

25 inhibitory potential may involve active intracellular signaling pathways. These results suggest 
that the IL-2 peptides neither exert their inhibitory activities on T cell adhesion to FN via 
binding to the ECM protein, nor to FN-specific (3) integrins expressed on the adhering T 
cells. 
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three ,L-2-derived peptides indeed affect T cell interactions «id, ECM glycoproteins other 
than FN. T cells were pre-exposed to the three peptides (at 10 pgtol). and then activated with 
IL-2. The treated cells were then added to microliter wells coated with CO-IV LN and FN 
The results, shown in Fig. 5, indicate that both Ile-Val-Leu, Arg-Met-Leu-Thr and 
Glu-Phe-Leu.As„-Arg-Tn,.„e-Thr inhibit T cell adhesion to the three n,ajor cell-adhesive 
glycoproteins of the ECM (Fig. 5). suggesting that the elastase-generated IL-2 peptides exert 
thetr inhibitory effects over different subsets of p, integrins. 

Example 

lle-Va,.Uu and Glu-Phe-Leu-Asn-Arg-Trp-He-Tkr Mbi, T cell c,en,o.ac,ic rni^aOon 
.n,ucad by ,1-2 or MlP-,p. tamune cell migration is the outcome of a subtle biological 
equilibrium existing between adhesion and detachment events. Lymphocyte adhesion ,o the 
subendothelial ECM and subsequent migration are two active processes that can overlap but 
are not mutually dependent events. Adhesion and migration may depend on the ability of the 
T cells to continuously integrate differem pro- and anti-adhesive signals via their versatile 
receptors for ECM, chemokines. cytokines, and possibly, also antigenic moieties. Therefore 
we next examined the effects of the Ile-Val-Leu, Arg-Met-Leu-Thr, and 
Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr peptides (at 1 pg/ml) on the IL-2- and MIP- 1 P-induced T 
cell chemotaxis through FN-coated polycarbonate membranes. The gradient generated by 
20 MIP-.p and IL-2, which were placed in the lower compartment of the 48-well chemotaxis 
apparatus, induced a marked T cell migration through FN-coated membranes, which was 
about 3 to 4-fold higher than the control (Fig. 6). Both Ile-Val-Leu. Arg-Met-Leu-Thr and 
Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr markedly (p<0.01) inhibited T cell migration toward iL-2 
by about 30, 90, and 60%. respectively. However, although the Ile-Val-Leu peptide, and to a' 
lesser degree also the Arg-Me.-Leu-Tln peptide, markedly inhibited (SO'/o and SD"/. 
respectively) T cell chemotaxis toward MlP-ip, the Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr 
showed only a limited inhibito,^ effect on the chemokine-induced T cell chemotaxis. Thus in 
addition ,0 the capacity of the Ile-Val-Leu and Glu-Phe-Leu-Asn-Arg-Trp-I.e-Thr peptides to 
inhibit T cell-ECM adhesion, 4ey seem to iri,ibit T cell migration through FN in response to 
_30 adiffusible-gradient-produced"by-Ii:^2"oFMlPTrp^ 
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Example 6 

Inhibition by the Ile-Val-Leu and Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr peptides of T cell 
adhesion to FN induced by various pro-inflammatory mediators and by mAb specific for 
molecules expressed on T cells. The preceding chemotaxis experiments indicated that the 
5 Ile-Val-Leu and Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr peptides can inhibit T cell adhesion and 
migration through FN barriers induced not only by IL-2, but also by the chemokine MIP-ip. 
Therefore, in an attempt to further understand the possible physiologic relevance of such 
phenomena, we examined the ability of these peptides to inhibit the adhesion to FN of T cells 
stimulated by modes other than IL-2. At 10 pg/ml, both Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr 

1 0 and Ile-Val-Leu inhibited T cell adhesion to FN that was induced by various stimulators of T 
cells and modulators of the Pj integrin functions tested (Fig. 7). However, at 0.1 pg/ml, 
Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr did not inhibit the PMA- and 8A2-induced adhesion, and 
the Ile-Val-Leu peptide did not inhibit PMA-, 8A2-, and anti-CD3 mAb-induced T cell 
adhesion to FN, which indicates that these modes of activation are less susceptible to 

15 IL-2-derived peptide-induced suppression than IL-2-mediated activation. In experiments 
similar to those shown in Figs. 7A and 7B, the control peptides (corresponding inverse 
sequences) did not affect T cell adhesion to FN induced by the indicated activators (data not 
shown). Hence, Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr and Ile-Val-Leu apparently inhibit T cell 
adhesion to the FN component of ECM via a common intracellular event that is linked to the 

20 regulation of the avidities and affinities of Pi integrins, and therefore, to their ligand 
recognition and binding. 

Example 7 

Inhibition of the reorganization of the actin cytoskeleton in FN-attached activated T cells by 
25 the Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr peptide. The adhesion of immune cells to ECM is 
dependent on the sequestering of the cytoplasmic domains of integrins in focal adhesion sites, 
together with actin-containing microfilament bundles (Sanchez-Mateos et al., 1996). 
Therefore, we examined the effect of Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr on the morphologies 
of adherent T cells. The T cells were activated with IL-2 or PMA, treated with the IL-2 

-30 peptides7~and^seeded^oiito~^FN-coated coverslips. After incubation and fixation, the actin 

cytoskeleton of attached T cells was stained with TRITC-conjugated phalloidin. The 
morphologies of FN-bound IL-2- and PMA-activated T cells (Figs. 8A, SB) were markedly 

27 



wo 00/11028 

PCT/IL99/00448 

different from those of non-activated lymphocytes (Fig. 8E); the activated T cells appeared 
spread, and their actin cytoskeleton perfomied distinct structures typical of ECM-adherent 
cells. The Glu-Phe-Leu-Asn-Arg-Tn^-Ile-Thr peptide inhibited the redistribution of the actin 
skeleton in both the 1L.2- (Fig. 8C) and PMA-trea.ed (Fig. 8D) FN-adheren, T cells. Conu-ol 
5 peptides (reverse sequences of each peptide pepl, pep2, pep3) did not inhibit the actin 
reorganization of the activated T cells (not shown). Hence, U,e adhesion-inhibiting activity of 
the lL-2-derived peptide Glu-Phe-Leu-Asn-Arg-Ttp-lle-Thr, similar to the Ile-Val-Leu 
peptide (data not shown), appears to involve inhibition of tite redistribution of the actin 
cytoskeleton, and therefore, changes in cell shape and spreading. 

10 

Example S 

The effec, of.yn,he,:c IL-l derived peptides and den.aa.es .hereof or, spontaneous ey.okine 
(IL-S) seereaonfrom intestinal epithelial cells. Human colonic epithelial cell lines, such as 
HT-29, have been shown to secrete pro-inflammatoo. cytokines such as IL-IB and IL-8 in 
15 response to cytokines such as TNF-a, IL-IB, IFN-y, and ,o LPS (Ecknamm et al., 1993), or as 
a response to bacterial invasion (Jung et al., 1995). 

The effect of the synthetic IL-2 peptides pepl, pep2, pep3, and other synthetic derivatives of 
the sequences shown in Table 1 below, was tested on spontaneous IL-8 secretion from HT-29 
20 cells as follows: HT-29 cells (10^ cells/well) were seeded and mcubated in culture medium 
for 24 h at 37°C in 24-well plates with the desired peptide (I nM), the supematants were 
collected and IL-8 levels were determined by an ELISA assay, using Pharmingen antibody 
pairs, according to the manufacturer's instructions. The results in Table 1 show the OD 
readings of the ELISA assay (at 405 nm) as well as the percentage of inhibition of IL-8 
secretion. A level of inhibition of about SQo/o or higher indicates that the peptide has relevant 
anti-inflammatory activity. These results show that the peptides inhibit the spontaneous 
secretion of IL-8 from a human colonic epithelial cell line and are, therefore, good candidates 
for the treatment of inflammatory, particularly, bowel diseases. 
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Table l: l„hibi..ry effect of pepl, pep2, pep3 and analogues .hereof ,n spontaneous 
IL-8 secretion from intestinal epithelial cells 





IL-8 secretion 


Peotide 


Average O.D. 


iniiibition 


Background 


71±1.4 




Medium alone 


488±8.5 


0 




54±]9.1 


104 


(pep4) 

Asn-He-Asn-Val-Ile-Val-Leu, 


34±3.5 


109 


(pepS) 

Ue-Val-Leu-Glu-Leu-Lys-GJy, 


35±0.7 


109 


(pep6) Asn-Val-Ile-Val-Leu 


100±14.8 


93 


(pep7) Ala-Val-Leu 


170±8.5 


76 


(pep8) Ile-Ala-Leu 


35+4.9 


109 


(pep9) Ile-Val-Ala 


I00±9.9 


93 


(peplO)Glu-Val-Leu 


125±19.1 


87 


(pep2) 

Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr 


36±4.2 


108 


(pepl 5) 

Ile-Val-Glu-Phe-Leu-Asn-Arg-Trp- 
He-Thr 


33±0.7 


109 


(pepl 6) 

GIu-Phe-Leu-Asn-Arg-Trp-Ile-Thr- 
Phe-Cys 


126±7.1 


87 


(pepl 7) 

Ala-Thr-Ile-Val-Glu-Phe-Leu-Asn- 
Arg-Trp-lle-Thr 


150±6.4 


81 


(pepl 8) 

Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr- 

Phe-Cys-Gln-Ser 

(pepl 9) Leu-Asn-Arg-Trp-Ile-Thr 


162±12.0 


78 




l-52±3074 


81 


(pep20) Arg-Trp-Ile-Thr 


I91±4.9 


71 
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(pcp21) Glu-Phe-Leu-Asn 


195±14.1 


70 


(pep22) 

Ala-Phe-Leu-Asn-Arg-Trp-IIe-Thr 


158±4.2 


79 


(pep23) 

Lys-Phe-Leu-Asn-Arg-Trp-Ile-Thr 


36±14.1 


108 


(pep24) 

Glu-Ala-Leu-Asn-Arg-Trp-Ile-Thr 


187±16.3 


72 


(pep2S) 

GIu-Val-Leu-Asn-Arg-Trp-Ile-Thr 


17212.8 


76 


(pep26) 

Glu-Phe-AIa-Asn-Arg-Trp-Ile-Thr 


156±27.6 


80 


(pep27) 

Glu-Phe-Leu-Ala-Arg-Trp-Ile-Thr 


309118.4 


43 


(pep28) 

Glu-Phe-Leu-Asn-AIa-Trp-Ile-Thr 


12018.5 


88 


(pep29) 

Glu-Phe-Leu-Asn-Glu-Trp-IIe-Thr 


139+19.8 


84 


(pep30) 

Glu-Phe-Leu-Asn-Arg-Ala-IIe-Thr 


12319.2 


88 


(pep31) 

Glu-Phe-Leu-Asn-Arg-Trp-Ala-Thr 


112+18.4 


90 


(pep32) 

Glu-Phe-Leu-Asn-Arg-Trp-Ile-AIa 


80124.0 


98 


(pep33) 

GIu-Phe-Leu-Asn-Arg-Trp-Ile-Thr- 


7315.7 


100 




44+0 7 


107 




201117.7 


69 


fDeD37^ Arp-Ala-l pn tki- 
vh'*'F-^ ' / -nig rtid-i^eU"inr 


222124.0 


64 


(DeD38^ Arp-Mpt.A lo Thr 


15711.4 


79 


(pep39) Arg-Met-Leu-AJa 
(pep40) Lys-Met-Leu-Thr 


160121.9 






I-7-9+-1-7.7 


74 


(pep41) Arg-Val-Leu-Thr 


132117.0 


85 


(pep42) Arg-Met-Leu-Thr-NH2 


226128.3 , 


53 


(pep43) 


57112.7 


03 
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Pro-Lys-Leu-Thr-Arg-Met-Leu-Thr 






(pep44) 

Arg-Met-Leu-Thr-Phe-Lys-Phe-Tyr 


307±29.7 


43 



The effect of the peptides was also tested on the TNF-a induced secretion of IL-ip from 
intestinal epithelial cells. Test cells (HT-29 or Caco-2) were grown as confluent monolayers 
5 in 24-well tissue culture plates. After the cells reached confluence, the culture medium was 
changed and the cells (10*^ cells/well) were incubated for 24 h at 37°C with the IL-2 peptides 
(or control and derivative peptides) in 24-well plates with the addition of TNF-a. The 
peptides were added to the cells 1 hour prior to the addition of TNF-a. Following culture, the 
supematants were harvested and analyzed for IL-lj3 secretion by ELISA using a commercially 
10 available kit (Genzyme), according to the manufacturers' protocols. The results are similar to 
those obtained above, the peptides being shown to inhibit TNF-a induced secretion of IL-ip 
in similar levels as above (data not shown). 
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CLAIMS 



1. 



A synthetic anti -inflammatory peptide derived from IL-2, and anti-inflammatoiy 
derivatives of said peptide. 



2. A synthetic anti-inflammatoiy peptide or peptide derivative according to claim 1 
which inhibits at least one of the following processes in vitro: (a) adhesion of 
activated T cells to ECM proteins; (b) chemotactic migration of T cells through ECM 
proteins; (c) cytokine- or mitogen-induced T cell proliferation; (d) cytokine secretion 
by cytokine- or mitogen-stimulated T cells; (e) spontaneous or cytokine-induced 
secretion of a cytokine, from intestinal epithelial cells. 

3. A synthetic anti-inflammatoiy peptide or peptide derivative according to claim 1 or 2 
which inhibits in vitro: (i) adhesion of activated T cells to fibronectin, laminin and/or 
collagen-type IV; (ii) chemotactic migration of T cells through fibronectin; and/or 
(iii) spontaneous or TNF-a-induced secretion of IL-8 or IL-ip, from intestinal 
epithelial cells. 

4. A synthetic peptide according to any one of claims 1 to 3, selected from: 

(i) peptides pepl, pep2, and pep3 of the sequences: 

(pepl) Ile-Val-Leu 

(pep2) Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr 
(pep3) Arg-Met-Leu-Thr 

(ii) peptides obtained from pep2 by deletion of one or more amino acid residues; 

(iii) peptides obtained by addition to peptides (i) or (ii) of one or more natural or 
non-natural amino acid residues; 

(iv) peptides obtained by replacement of one or more amino acid residues of peptides 
(0 to (iii) by the corresponding D-stereomer, by another natural amino acid 
residue or by a non-natural amino acid residue; 

(v) chemical derivatives of the p e ptides ( i) to (iv); 



(vi) cyclic derivatives of peptides (i) to (v); 

(vii) dual peptides consisting of two of the same or different peptides (i) to (vi), 
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wherein the peptides are covalently linked to one another directly or through a 
spacer; and 

(viii) multimers comprising a number of the same or different peptides (i) to (vi). 

The synthetic peptide Ile-Val-Leu (pepl) and derivatives thereof according to claim 4, 
obtained by: 

(a) elongation by up to 3-4 further amino acid residues at the N- and/or C-terminal, 
preferably according to the natural sequence of IL-2; 

(b) substitution of the He residue by a natural or non-natural amino acid hydrophilic 
polar neutral or negatively charged, or hydrophobic non-polar neutral amino acid 
residue, preferably selected from Glu, Asp, Asn, Gin, Ala, Val; 

(c) substitution of the Val residue by a hydrophobic, non-charged natural or 
non-natural amino acid residue, preferably selected from Ala, He, Leu, Met, Nle, Phe; 

(d) substitution of the Leu residue by a hydrophobic, non-charged natural or non- 
natural amino acid residue, preferably selected from Ala, He, Met, Nle, Phe, Val; 

(e) amidation of the C-terminal Leu residue, 

(f) cyclization of pepl or of any peptide of (a) to (e); and 

(g) any combination of (a) to (f). 

A synthetic peptide according to claim 5, selected from: 



(pepl) 


Ile-Val-Leu 


(pep4) 


Asn-Ile-Asn-Val-Ile-Val-Leu, 


(pep5) 


He- Val-Leu-Gl u-Leu-Lys-Gly, 


(pep6) 


Asn-Val-He-Val-Leu 


(pep7) 


Ala-Val-Leu 


(pep8) 


Ile-Ala-Leu 


(pep9) 


Ile-Val-Ala 


(peplO) 


Glu-Val-Leu 



(pepll, linear) and (pepl2, cyclic) Cys-He-Val-Leu-Ala-Cys and, 
(p.epl3,Jinear-)-and-(-pepl4,-cyeHc)-eys41e=^Val-fceu-Aia^A-la::C)^ 



synthetic peptide Glu-Phe-Leu-Asn-Arg-Trp-He-Thr (pep2), and deri' 
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thereof according to claim 4, obtained by: 

(a) elongation by up to 4 further amino acid residues at the C and/or N terminal ends, 
preferably according to the natural sequence of IL-2; 

(b) substitution of the Glu residue by a natural or non-natural charged or polar charged 
amino acid residue, preferably selected from Lys, Arg, Asp, Gin, Asn; 

(c) substitution of the Phe residue by a natural or non-natural hydrophobic aliphatic or 
aromatic amino acid residue, preferably selected from Ala, Val, He, Leu, Tyr, Trp, 
Phe, Met, Nle; 

(d) substitution of the Leu residue by a natural or non-natural hydrophobic aliphatic or 
aromatic amino acid residue, preferably selected from Ala, Val, He, Leu, Tyr, Trp, 
Phe, Met, Nle; 

(e) substitution of the important Asn residue by a hydrophilic, non-charged, aliphatic 
natural or non-natural amino acid residue such as Gin; 

(f) substitution of the Arg residue by a positively charged, natural or non-natural 
amino acid residue, preferably selected from Lys, Orn, homoArg; 

(g) substitution of the Trp residue by a natural or non-natural hydrophobic, aliphatic or 
aromatic, amino acid residue, preferably selected from Tyr, He, Leu, Nle, Tic, Phe , 
4-phenyl-Phe, 4-methyl-Phe; 

(h) substitution of the He residue by a natural or non-natural hydrophobic, aliphatic or 
aromatic, amino acid residue, preferably selected from Tyr, Phe, Leu, Nle, Tic; 

(i) substitution of the Thr residue by an aliphatic hydrophobic amino acid residue such 
as Ala, He, Leu, or a hydroxy- or thio-containing amino acid residue preferably 
selected from Cys, Ser; 

(i) truncation by up to 4 amino acid residues from either the C or N terminal; 
(k) amidation of the C-terminal Thr; 
(1) cyclization of pep2 or of any peptide of (a) to (k); and 
(m) any combination of (a) to (1). 

A peptide according to claim 7, selected from: 

_(|jep2) Glu^Phe=Leu-Asn-Arg-Trp-He-Thr 

(pepl 5) He- Val-Glu-Phe-Leu- Asn- Arg-Trp-He-Thr 

(pepl6) Glu-Phe-Leu-Asn-Arg-Trp-He-Thr-Phe-Cys 
36 



wo 00/11028 




(pep 17) 


r\ia im lie- vai-u^iu-rne-Leu-Asn-Arg-Trp-lJe-ThT 


(pepl8) 


vjiu rne-j^eu-Asn-Arg- irp-lle- 1 nr-Phe-Cys-Gln-Ser 


(pep 19) 


Leu-Asn-Aro-Tm-TIp-Thr 


(pep20) 


Arg-Trp-Ile-Thx 


(pep21) 


Glu-Phe-Leu-Asn 


(pep22) 


Ala-Phe-Leu-Asn-Arg-Trp-Ile-Thr 


(pep23) 


Lys-Phe-Leu-Asn-Arg-Trp-Ile-Thr 


(pep24) 


Glu- Ala-Leu- Asn-Arg-Trp-Ile-Thr 


(pep25) 


Glu-Val-Leu-Asn-Arg-Trp-Ile-Thr 


(pep26) 


Glu-Phe-Ala-Acn-Arfr Trr> Tlo TU^ 

VJIU 1 lie ^ict-ziLbri-z^rg- 1 rp-ne- 1 nr 


(pep27) 


Glu-Phe-Leu-Ala-Aro-Tm Tl<> tk,- 


(pep28) 


GIu-Phe-I.eiJ-Asn-Aln-Tm Tlo T)-i^ 


(pep29) 


GIu-Phe-Leu-Asn-Glu-Trp-Ile-Thr 


(pep30) 


Glu-Phe-Leu-Asn- Arg-Ala-Ile-Thr 


(pep31) 


Glu-Phe-Leu-Asn- Arg-TqD-Ala-Thr 


(Pep32) 


Glu-Phe-Leu-Asn-Arg-Trp-Ile-Ala 


(pep33) 


Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr-NH2 and. 
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(pep34, linear) and (pep35, cyclic) 
Cys-Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr-Ala-Cys. 

9. The synthetic peptide Arg-Met-Leu-Thr (pep3), and derivatives thereof according to 
claim 4, obtained by: 

(a) elongation by up to 4 further amino acid residues at the C and/or N terrminal end, 
preferably according to the natural sequence of IL-2; 

(b) substitution of the Arg residue by a natural or non-natural positively charged 
amino acid residue, preferably selected from Lys, Om, homoArg, diaminobutyric acid; 

(c) substitution of the Met residue by a natural or non-natural hydrophobic, aliphatic 
or aromatic, amino acid residue, preferably selected from Phe, Tyr, He, Leu, Nle, Tic; 

(d) substitution of the Leu residue by a natural or non-natural hydrophobic, aliphatic 
or-aromaticramino-aciclTesiaue, preferably selected from Phe, Tyr, Nle, Tic; 

(e) substitution of the Thr residue by an aliphatic hydrophobic amino acid residue 
such as Ala, He, Leu, or a hydroxy- or thio-containing amino acid residue such as Ser, 
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Cys; 

(f) amidation of the C-terminaJ Thr residue; 

(g) cyclization of pep3 or of any peptide of (a) to (f); and 

(h) any combination of (a) to (g). 



A peptide according to claim 9, selected from: 




Arcr-K/ff»t T oil Tl-i*- 

/T-i g-ivxcL-i_,eu- 1 nr 


(pep36) 


Ala-Met-Leu-Thr 


(pep37) 


Arg-Ala-Leu-Thr 


(pep38) 


Arg-Met-Ala-Thr 


(pep39) 


Arg-Met-Leu-Ala 


(pep40) 


Lys-Met-Leu-Thr 


(pep41) 


Arg-Val-Leu-Thr 


(pep42) 


Arg-Met-Leu-Thr-NH2 


(pep43) 


Pro-Lys-Leu-Thr-Arg-Met-Leu-Thr 


(pep44) 


Arg-Met-Leu-Thr-Phe-Lys-Phe-Tyr and. 



(pep45, linear) and (pep46, cyclic) Cys-Arg-Met-Leu-Thr-Ala-Cys. 

11. A method of selecting anti-inflammatory peptides derived from pro-inflammatory 
IL-2, which comprises: 

(i) carrying out enzymatic digestion of IL-2 with a proteolytic enzyme that 
participates in the breakdown of the extracellular matrix (ECM); 

(ii) testing the fractions obtained in (i) for their in vitro ability to inhibit at 
least one of the following processes: (a) adhesion of activated T cells to ECM proteins; (b) 
chemotactic migration of T cells through ECM proteins; (c) cytokine- or mitogen-induced T 
cell proliferation; (d) cytokine secretion by cytokine- or mitogen-stimulated T cells; (e) 
spontaneous or cytokine-induced secretion of a cytokine, e.g. IL-8 or IL-1(3, from intestinal 
epithelial cells, 

(iii) selecting the fractions of (ii) active in at least one of the bioassays (a) to 
-(e),-fractionating-eaeh-fraction-to-identify-individual-pepfides-th-e^ each 

identified peptide to sequencing and synthesis; 

(iv) carrying out one or more of the bioassays (a) to (e) with a synthetic 
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peptide identified in step (iii), and selecting those peptides that show significant inhibitor/ 
activity in at least one of the bioassays (a) to (e). 

12. The method according to claim 11, wherein the proteolytic enzyme is elastase, a 
5 collagenase or a metalloprotease. 

13. An anti-inflammatoiy peptide obtainable by a method of claim 1 1 or 12. 

14. A pharmaceutical composition comprising at least one synthetic peptide or peptide 
10 derivative according to any one of claims 1 to 10, and a pharmaceutical ly acceptable carrier. 

15. Use of a synthetic peptide as defined in any of claims 1 to 10 or 13, for the preparation 
of a pharmaceutical composition for the treatment of inflammatory disorders. 

15 16. Use according to claim 1 5, wherein the inflammatory disorder is an acute or chronic 
inflammatory disorder. 

17. Use according to claim 16, wherein the inflammatory disorder is an autoimmune 
disease selected from rheumatoid arthritis, diabetes type I, multiple sclerosis, systemic lupus 

20 erythematosus, uveitis, bowel inflammation and Crohn's disease. 

18. A method for the treatment and/or alleviation of acute and chronic inflammatory 
disorders comprising administering to a subject in need thereof an effective amount of an 



25 



anti-inflammatory synthetic peptide according to any one of claims 1-10. 
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Pretreatment Activation 
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Fig. 4C 
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20 40 60 80 100 

Percent inhibition of T cell adhesion 



wo 00/11028 



PCT/1L99/00448 



6/8 



MIP-lp 

none 
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MIP-ip 
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